Background: Hepatitis C virus (HCV) infection is common worldwide but there are different prevalence rates in different countries. Data on the incidence of HCV in the general population are scarce. Spontaneous viral clearance occurs in 10-25% of infected individuals after acute infection yet controversy exists regarding the frequency of spontaneous clearance during the natural course of HCV infection in the general population. Aims: Anti-HCV prevalence, HCV infection rate, and the kinetics of anti-HCV were studied in a cross section of the general population of central Italy. Study population and methods: Anti-HCV prevalence (EIA-3 Ortho, RIBA-3 Ortho Chiron) was estimated in 3884 randomly selected individuals. Infection rate and antibody kinetics were estimated in 2032 participants for whom a second blood sample was taken after a median follow up of seven years. HCV-RNA determination by polymerase chain reaction was performed on follow up sera. Results: The overall confirmed anti-HCV prevalence was 2.4%. Two participants seroconverted for anti-HCV, giving an overall infection rate of 1.4 cases per 10 000 person years (95% confidence interval 0.2-5.2 per 10 000 person years). Of the 36 individuals confirmed as anti-HCV positive at enrolment, seven (19.4%) showed complete seroreversion. Seven (87%) of the eight individuals with indeterminate results at enrolment were serologically non-reactive at the end of follow up. Of the 25 participants confirmed to be anti-HCV positive at both enrolment and follow up, 23 (92.0%) with stable serological profiles tested positive for HCV-RNA at the end of follow up. Conclusions: There is still a permanent risk, although low, of HCV spread in the general population in an area of low level endemicity. In this setting, a wide spectrum of modifications of viral and antibody patterns can be observed in HCV infected patients.
H
epatitis C virus (HCV), first isolated in 1989, is a major cause of liver disease worldwide. In Europe, the prevalence of HCV antibodies has been reported to range from 1% to 1.4%. 1 With regard to incidence, most of the available data are from cross sectional studies of selected high risk groups. Specifically, the incidence per 100 person years among drug users was reported to be 6.4 in Baltimore, 2 6 .2 in Italy, 3 and 11.7 in Switzerland. 4 Data referring to the general population or to countries with different anti-HCV prevalence rates are scarce, although studies show that the annual number of newly acquired infections worldwide has decreased from approximately 180 000 in the mid-1980s to 28 000 in 1995, and the major factors contributing to this decrease have been accurate screening of blood products and the active modification of risk factors. 5 In many individuals, HCV infection leads to virus persistence and chronic liver disease, often resulting in liver cirrhosis and hepatocellular carcinoma. Persistent chronic infection has been observed in 75-80% of cases. 6 Spontaneous clearance of the virus occurs in an estimated 10-25% of infected individuals after acute infection 6 yet controversy exists regarding the existence and frequency of spontaneous antibody clearance during the natural course of chronic HCV infection (that is, seroreversion). Although this phenomenon has been reported in those undergoing haemodialysis, 7 in immunosuppressed patients, 8 and in immunocompetent individuals receiving interferon (IFN) therapy, 9 its occurrence in the immunocompetent general population and the correlation with clearance of HCV viraemia have not been sufficiently documented.
The objective of the present study was to estimate anti-HCV prevalence, the risk of acquiring HCV infection, and the frequency and characteristics of anti-HCV seroreversion. To this end, we conducted a population based survey in an area of central Italy, retrospectively testing the sera of randomly selected individuals aged 20-69 years.
METHODS

Study population and sera
The study population was that of an ongoing epidemiological survey of cardiovascular risk factors (MATISS project). 10 Specifically, it consisted of residents of a geographical area located about 100 km southeast of Rome (central Italy) and comprised four adjacent towns (Sezze, Roccagorga, Bassiano, and Priverno). These subjects had been randomly selected from the electoral rolls (11 299 eligible persons) and represented a cross section of the general population aged 20-69 years. They were invited to participate in the survey by letter, and enrolment took place between June 1983 and March 1987. All participants were interviewed using a standard questionnaire containing information on age, sex, employment, level of education, and marital status.
The study was conducted using serum samples collected as part of the survey on cardiovascular risk factors. Anti-HCV prevalence was estimated in serum samples (stored at −20°C) collected at enrolment (from 1983 to 1987; 3884 subjects). HCV infection rate and the kinetics of anti-HCV were evaluated for the 2032 participants for whom a second serum sample (stored at −70°) was obtained between 1993 and 1996 (52.3% of the original 3884 participants). There were no significant differences in terms of age, sex, or employment when comparing participants at enrolment with those at follow up. Anti-HCV determination was performed on all serum samples whereas HCV-RNA determination was performed only on follow up sera. The study protocol conformed with the ethical guidelines of the Declaration of Helsinki (1975) .
HCV antibody and viral assays
Testing for HCV antibodies was performed with a third generation enzyme immunoassay (EIA-3; Ortho HCV 3rd generation; Ortho Diagnostic Systems, Raritan, New Hampshire, USA) following the manufacturer's instructions. Anti-HCV immunoreactivity was confirmed with a third generation immunoblot assay (RIBA-3; Chiron Corporation, Emeryville, California, USA, and Ortho Diagnostic Systems, Raritan, New Jersey, USA). RIBA determinations for anti-HCV positive sera were performed in the same run for the two serum samples (that is, samples obtained at enrolment and those obtained at follow up). HCV-RNA was determined for serum samples drawn in 1993-1996 and positive for anti-HCV using Cobas Amplicor 2.0 (Roche Diagnostic Systems, Branchburg, New Jersey, USA), following the manufacturer's instructions. Genotyping was performed by Innogenetics Line Probe Assay (Innogenetics, Zwijndrecht, Belgium) and by genotype specific polymerase chain reaction (PCR) in the core region using a modified version of the procedure proposed by Okamoto and colleagues, 11 replacing the primer for subtype 2b and including a new primer for subtype 2c and genotype 4 (reported to be circulating in Italy). 12 Statistical analysis Differences in proportions were evaluated using the χ 2 test. A p value <0.05 was considered significant. Independent associations between HCV infection and individual sociodemographic characteristics were evaluated by multiple logistic regression analysis. 13 In the multiple logistic model, anti-HCV positivity was the outcome variable and age, sex, level of education, employment, and marital status were independent variables. The reference category for odds ratio (OR) estimates was that of the most favourable level of exposure (that is, youngest age group, female, highest level of education, housewife, and never married) obtained by univariate analysis.
The incidence (infection rate) of HCV infection was calculated as the number of new infections per 10 000 person years observed during follow up. Duration of follow up was calculated as the number of years between the date that the first blood sample was obtained and that of the second sample. The 95% confidence interval (CI) was calculated based on Poisson distribution.
RESULTS
At enrolment, 113 (2.9%) of the 3884 participants were anti-HCV positive when tested with EIA-3. When tested with RIBA-3, 93 of these 113 participants (82.3%) tested positive: 18 (15.9%) had indeterminate results and two tested negative (1.8%). Thus the overall confirmed anti-HCV prevalence was 2.4% (93/3884).
The age specific prevalence of anti-HCV antibodies by sex is shown in fig 1. The overall anti-HCV prevalence was similar for males and females (2.6 v 2.3; p>0.05). Anti-HCV prevalence ranged from 0.98% among participants who were 20-30 years of age to 3.14% among those aged 51-60 years, with a significant trend for an increase with age (χ 2 for linear trend=6.4, p=0.01).
When each variable was adjusted for the confounding effect of all other variables (age, sex, level of education, employment, marital status) by multiple logistic analysis, we observed that age greater than 45 years was the only variable independently associated with the presence of anti-HCV positivity (OR 2.65; 95% CI 1.42-4.94).
Infection rate of HCV infection
A second serum sample was taken from 2032 of the 3884 participants (52.3% response). During the median follow up of seven years (range 5.75-9.6), two of the participants seroconverted for anti-HCV antibodies (table 1) , as confirmed by RIBA and by detection of HCV-RNA by PCR, representing an overall incidence of 1.4 cases per 10 000 person years (95% CI 0.2-5.2 per 10 000 person years). For both seroconverters, the HCV genotype was 2c. The age of the two seroconverters was 36 and 62 years, and both were apparently healthy during follow up. Neither had known risk factors for HCV infection during follow up, as determined by reviewing clinical records and speaking with their physicians. The kinetics of anti-HCV Table 1 and fig 2 illustrate the observed changes in anti-HCV reactivity during follow up and the correlation with the results of HCV-RNA determinations. Of the 36 individuals who were confirmed to be anti-HCV positive at enrolment, seven (19.4%) showed complete seroreversion. Their median age was 56 years (range 45-66). All were healthy and asymptomatic for HCV infection. They had received neither antiviral nor immunosuppressive drugs during follow up (none of the anti-HCV positive cases had received these types of drugs). Of the eight serum samples with indeterminate results at enrolment, one (which was reactive only for the c22 band at enrolment) tested reactive for three bands (c11, c22, c33) at follow up. The remaining seven samples (six of which had been reactive only for the c22 band and one only for the c33 band) were not reactive for any band at follow up. In four of the 36 participants with RIBA-3 pattern reactive to 3-4 bands at enrolment, we observed indeterminate results at follow up, with positivity for only the c22 band. Two of these four sera tested positive for HCV-RNA. All 14 participants with negative results by EIA-3 and RIBA-3 at follow up were negative for HCV-RNA. Of the 25 participants confirmed to be anti-HCV positive at both enrolment and follow up, 23 (92.0%) tested positive for HCV-RNA: 14 were assigned to genotype 2c and the others to genotype 1b. The sera of all of these participants had nearly stable serological profiles from enrolment to the end of follow up whereas two of the 25 participants (13%) who tested HCV-RNA negative showed a decreased number and intensity of bands. Figure 2 illustrates the results relative to the single antibody reactivities by RIBA-3 in HCV-RNA positive and HCV-RNA negative participants who were confirmed to be anti-HCV positive at enrolment. The level of positivity decreased in follow up sera for all antigens in both groups. This decrease was less marked for the c22 band than for the other bands, indicating a greater stability for the antibodies against this structural protein.
DISCUSSION
HCV seroprevalence studies conducted among randomly selected community based samples of the general population from different areas of Italy have shown different anti-HCV prevalence rates. Low rates (range 0.8-1.51%) were observed when the first generation anti-HCV screening assay was used 10 14 15 whereas the rates observed with the more sensitive third generation ELISA ranged from 2.7% to 26%. [16] [17] [18] [19] The 2.4% prevalence found in our study indicates that the endemicity level of HCV infection is low in the area studied. In this epidemiological setting, the incidence was 1.4/10 000 person years. As the study population was that of a survey originally designed to investigate the prevalence of cardiovascular diseases, no systematic effort was made to record risk factors for parentally transmitted infections. However, the fact that the study population was not selected for testing on the basis of the presumed risk of infection, in addition to the procedure adopted for random sampling, support the absence of selection bias.
Following the introduction of systematic screening of blood donations for anti-HCV, many studies focused on parenteral routes of transmission and community acquired infections. As surrogate indicators of the spread of HCV infection in the community, we evaluated the effect of sociodemographic characteristics and educational level on anti-HCV prevalence. No association was found for any of these factors with the exception of age greater than 45 years. The observed age trend for anti-HCV is similar to trends reported by other surveys performed in areas that are hyperendemic for HCV, 19 confirming that the cohort effect (that is, decreased risk of infection with decreasing age) is independent of the level of endemicity.
Although the incidence of HCV has been previously evaluated among selected population groups (for example, blood donors and high risk groups such as parenteral drug users, haemodialysis patients, and healthcare workers), 2-4 7 20 21 to the best of our knowledge only one other population based incidence study has been conducted to date. However, this study was carried out in a hyperendemic area (26% prevalence). 22 The present study was conducted in a randomly selected community based sample of the general population in an area with a low level of endemicity in which the anti-HCV prevalence rates are similar to those reported in most areas of Italy and Eastern Europe. 23 24 HCV incidence was found to be similar to that reported for healthy blood donors (1.4 v 1 per 10 000 person years) 20 and lower than that observed in hyperendemic areas in Italy (3.42 per 10 000 person years). 22 In our study, among individuals for whom no second sample was available, the prevalence of anti-HCV was higher than that among those for whom the infection rate was computed. There were no significant differences in terms of age, sex, or employment when these two groups of participants were compared (see methods section). A decrease in HCV infection was observed in the general population, probably as a result of the use of disposable needles and a decrease in injection drug use. For these reasons, we assume that in our study population of healthy individuals, in the absence of major risk factors (drug users), the HCV infection rate was probably the same, independent of the different prevalence values that were the consequence of exposure before 1983-1987. Our finding of only two seroconversions during follow up clearly indicates that the spread of HCV infection among adults in this area is relatively low. However, HCV infection must not be underestimated because there is still a permanent risk of transmission among members of the healthy general population. 25 We also estimated the frequency of spontaneous anti-HCV seroreversion in a homogeneous population of immunocompetent subjects not subjected to treatment with IFN-α or immunosuppressors. In an infected host, the virus can cause short term acute infection or can establish long term persistence. In most individuals, viral RNA and antibodies persist for very long periods, perhaps for a lifetime, as shown by previous data on non-treated patients with chronic HCV infection. 6 However, it has been hypothesised that HCV infection is not always characterised by the persistence of the virus and antibodies. 9 Antibody seroreversion rates of 2-10% were found in a cohort of individuals with post-transfusion HCV No of patients HCV-RNA _ 1st serum 2nd serum infection, 26 in those from a hyperendemic area, 22 and in haemodialysis patients. 7 To date, there are no data on antibody seroreversion rates among the general population from a low level endemic area.
In our study, 19.4% of participants with RIBA confirmed results at enrolment (reactivity to 2-4 bands) and 87% of those with indeterminate results (reactivity to one band) were serologically non-reactive to both the immunoenzymatic and immunoblot test after a median follow up of seven years. Furthermore, a decreased level of positivity was observed in four of the 36 RIBA confirmed participants at enrolment, two of whom were still HCV-RNA positive. These data are consistent with those reported for a high risk population. 7 In this population (217 haemodialysis patients), which was followed for 12 years, the yearly anti-HCV prevalence rates tended to decrease over time, from 43.6% to 29.2% over the entire study period.
Other recent studies have found an almost complete correlation between complete antibody seroreversion and lack of HCV viraemia among individuals exposed to HCV. 9 Full or partial seroreversion in these individuals was related to loss of antigenic stimulation or associated with the presence of a low viraemia level (that is, below the threshold necessary for maintaining an efficient humoral immune response). In contrast, a stable serological profile was found to be associated with continuous antigenic stimulation due to chronic replication of the virus. 27 Seroreversion occurred in individuals with a median age of 56 years (range 45-66) in a low endemic locality, and in a population with a low probability of exposure to the highest risk factors and with a low infection rate (only two seroconversions). For these reasons, there is little likelihood that in these cases seroreversion represented recovery from a recent acute infection. Moreover, the presence in our cohort of subjects with partial seroreversion in the absence of viraemia (suggesting recovery from past infection) after a median period of seven years of follow up indicates that individuals who clear HCV may have a gradual loss of antibodies. As also observed in a recent study, after a period of time following transfusion associated hepatitis (non-A, non B, and C), some patients showed no serological or molecular evidence of their earlier HCV infection. 26 The difference in terms of the frequency of seroreversion (19.1% v 7%) between the above study and ours could be due to the different transmission routes of infection or simply to chance.
Our data also suggest, in accordance with other studies, that the c22 band, with respect to the other bands, more frequently represents the last marker to become negative; however, the presence of only the c22 band does not necessarily indicate seroreversion.
In conclusion, there is still a permanent risk of HCV spread in the general population of a low level endemic area. A wide spectrum of modifications of viral and antibody serological patterns can be observed during the natural course of HCV infection. Both host related and viral factors, in addition to environmental factors such as level of exposure to infection, may be responsible for these different patterns.
